The VEGETATION instrument on board SPOT satellites allows the detection of surface water, thanks to its short wave infrared channel, at the resolution of 1 pixel (1 km). The surface water is detected every 10 days for Africa and broadcasted to African users by means of the Eumetcast broadcasting system operated by Eumetsat. The effective detection of water coupled with the dissemination system provides the capacity for operational monitoring of surface water from continental to regional scales. The continuity of surface observation allows the seasonal assessment of water availability.
I
n African arid and semiarid regions, the surface water availability can drastically change during a season and between seasons, as the rainfall can undergo drastic variations in terms of amount of rain and date of onset of the rainy season. At regional and sub-continental scales monitoring the surface water, i.e. detecting when surface water sites are filled by rainfalls and when they are drained out, is key information for the assessment of water availability and for deriving indicators of environment assessment, providing alerts on vector borne diseases or managing sedentary and pastoral human activities.
At a global scale, the Global Lakes and Wetlands Database (GLWD) [1] distributed by the World Wildlife Fundation (WWF) combines many data sources on water resources, i.a. MSSL Global Lakes Database [2] , Large Reservoirs [3] , World Register of Dams [4] , Digital Chart of the World, hydrography layer [5] , ArcWorld 1:3M, hydrography layer [6] , Global Wetlands map [7] and Global Land Characterization [8] . This data set compiles field surveys information and interpreted high-resolution imagery. The African Water Resource Database (AWRD) [9, 10] has several levels of infor- mation on water, namely surface water bodies, watersheds, rivers, aquatic species. The surface water body component includes amongst others the African dams, Digital Chart of the World (VMap0), surface water body features from GEOnet gazetteer, the Shuttle Radar Topography Mission (SRTM) water body data and WCMC wetlands. The SRTM water body data displays surface water as depicted in February 2000 [11] . In western Africa, this date corresponds to the dry season and therefore most of the temporary water bodies are not included. The source of information used to compile these two examples of continental and global scale databases provides reference features (rivers, lakes, ponds, humid areas, etc.) that are usually the most persistent. Temporary surface water bodies, whether they are recurrent every year or related to the most rainy years, are of crucial importance in terms of total covered surface, availability for human activities (agriculture, cattle breeding, pastoralism), and as a potential source of nuisance (such as locusts or vector-borne diseases). Moreover, seasonal water bodies represent the surface component of the response to the rainfall, and their monitoring is of importance for environmental studies. This article describes a monitoring system adapted to monitoring surface water in arid and semiarid African regions based on the SPOT-VEGETATION sensor. This monitoring service complements the existing databases with the detection of ephemeral and seasonal water bodies. The VEGETATION sensor on board of the satellites SPOT4 and SPOT5 provides an almost complete coverage of the Earth every day, and the ground system generates a cloud free composite image every 10 days. A specific algorithm was designed by Gond et al. [12] to retrieve seasonal and ephemeral water bodies in arid and semi arid regions; the retrieved water bodies are qualified as 'small' because the detection is done on a per pixel basis. The dates of first and last occurrence of the detection is also generated by the system, making possible the assessment of dates of the beginning and end of surface water availability at regional scale. The product is a component of the VGT4Africa product portfolio also including additional products related to the monitoring of the vegetation (more information is available on www.vgt4africa.org website). Each component of the VGT4Africa portfolio is broadcasted to African and European users thanks to the Eumetcast digital video broadcasting system operated by the European Organisation for the Exploitation of Meteorological Satellites (Eumetsat). Users equipped with the Eumetcast receiving station are thus able to receive for free the VGT4Africa products, every 10 days. The detection products are made available on the day of their production, usually two days after the end of the corresponding 10-day period of integration, allowing each user to monitor the evolution of surface water availability in his region. The section "Data and System Description" gives details about the properties of the detected water bodies and the assessment of their dates of availability and about the data broadcasting system. In the framework of the VGT@Work project, the surface water monitoring system was used to setup a prototype of surface water status in CILSS (Comité permanent interÉtats de lutte contre la sécheresse au Sahel) countries. The indicators developed in the work carried out in collaboration between the regional centre AGRHYMET and the Joint Research Centre of the European Commission are detailed in the section entitled "Monitoring the surface water availability".
Data and System description

Detection of small water bodies with SPOT-VEGETATION (product SWB)
The VEGETATION sensor on board SPOT (Satellite pour l'observation de la Terre) acquires the observations required to generate a mosaic of the Earth every day. A second level of processing consists in accumulating 10 days of observation to generate cloud free mosaics, through a process called maximum value composite that consists in keeping for each pixel the data of the date of observation for which its NDVI was maximum, that is assumed to correspond to the best observation conditions [13] . Image correction and cloud free compositing processes are done automatically by the satellite ground system. The absolute geographic location error of a pixel does not exceed quart pixel, i.e. about 250 m for 1 km resolution [14] . Thus, the temporal evolution of the pixel content reflects well the actual change of the surface state at the corresponding geographic location. The high-repetitivity and the high-quality geographic location of the system make SPOT-VEGETATION an instrument of choice for monitoring the land surface changes at full resolution. In the geoland project, funded by the European commission as a part of the GMES (Global Monitoring for Environment and Security) initiative, some new products based on SPOT-VEGETATION were developed and put into production in the framework of the VGT4Africa project (Bartholomé et al., 2006) [14] . In terms of spectral signature, a large variety of water bodies can be encountered across the various ecosystems from deep clear water of some lakes to muddy swamps, including water with various amounts of floating sediments or even vegetation. In any case, if seen at the appropriate scale, those water bodies contrast well with the surrounding landscape in the case of arid and semiarid regions. They usually appear as darker singularities, with a lower NDVI or NDWI and usually absorb most of the light in the short wave infrared band. To detect automatically the water bodies, a specific algorithm was designed by Gond et al. [12] based on the comparison of the spectral properties of each pixel of the image to its surrounding. The detection algorithm sorts out the detections in three classes: free water, humid area and mixture of both free water and humid area. The map of the detections is generated every 10 days, on the basis of the mosaic synthesized on this 10 days time frame, the products shows the water bodies detected for this period. The systematic assessment of the water bodies type every 10 days shows that some of them can change from humid area to free water. Figure 1 represents the percentage of date of observation (from 1999 to late 2007) for which a pixel was seen as free water (the complement corresponds to both humid areas and mixture of humid areas and free water): in blue are pixels mostly seen as free water and in green those mostly seen as humid areas (or mixture of humid areas and free water).
Assessment of the detection quality (map MVM)
A systematic visual validation of the SWB detections obtained between 1999 and 2004 was carried out on the western part of Africa by Haas et al. [15] on a region between 17°W to 26°E and 8°N to 20°N in the arid, semiarid and neighbouring dry sub-humid climate zone. It was found that at least, 91.5% of the detections were correct, i.e. they corresponded to free water or humid area (including water bodies exhibiting growing vegetation), with the best results obtained for pixels detected as free water. 7.2% of the detected pixels have been identified as a positive vegetation anomaly, which can give an indication about available surface water through waterlogged soil in arid regions. The remaining 1.3% of commission error was due in most of the cases to permanent features of the landscape, mainly shadows caused by the topography and colour contrasts of the bedrocks [12] . This systematic analysis of the data archive shown that the detection of small water bodies from SPOT-VEGETATION is able to retrieve an important amount of seasonal or ephemeral water bodies that are not found in the static data bases, such as GLWD or SRTM derived water bodies. Lehner and Döll [1] explain that databases, registers and inventories used in their databases focus on largest bodies and provide in general single-point locations; the information derived from high resolution imagery is usually based on single or few dates and generally avoids the cloudy rainy season, when temporary water bodies would be visible. For these reasons, the reference databases would not account for most of temporary water bodies.
Information on the dynamics of the water availability (product Water Body Start [WBS], Water Body End [WBE] and WBF)
The analysis of the time series of occurrence of pixel detected as surface water allows assessing its latest date of appearance and of disappearance (drainage). Images labelled WBS and WBE contain the corresponding date of start and end of detected water per pixel. The start and end of water availability maps indicate when water (or humid area) started to be detected, and when this detection stopped. To compute these dates, a pixel must be detected as a water body at least 2 times among 3 consecutive decades in order to avoid false detection due mainly to cloud screening. To facilitate the reporting of the water bodies status during the rainy season, a flag file (WBF) complements the other products, each pixel can take 1 among 6 values [16] . Flag value 1 indicates the situation where, respectively, a pixel has been filled and drained (the date of start and end are available in the same product and thus the season length is computable), while flag value 4 points to the situation where the water body is filled at the date of the observation (date of end not yet available). These two flags correspond to the case where at least two observations among three in a row confirmed the availability of water. Flags 2 and 3 indicate that a pixel may be refilling at the date of the observation, waiting for the next observation for validating the refilling date. These flags are of help to monitor the very beginning of the season in sensitive regions where near real time monitoring is needed. Flag 5 indicates that the time series of the pixel has only single date events: they are considered separately from pixels showing 2 positive detections among 3 consecutive dates. Flag 6 corresponds to the limit case where a water body would have its latest date of replenishment more than 1.25 year before the date of observation.
Data Dissemination
Eumetsat operates Eumetcast, a data broadcasting system used to disseminate digital data to receiving stations installed in Europe and Africa. The PUMA project, Preparation of the Use of Meteosat Second Generation in Africa, was an international collaborative venture spanning, from 2001 to 2005, supported by the European Development Fund, which provided African's National Meteorological and Hydrological Services with operational Eumetcast receiving stations. In total, 53 countries and 5 regional centres were equipped to receive the meteorological data broadcasted by Eumetcast, derived from satellite observations. VGT4Africa is a project developed in the framework of the European Commission plan for the GMES initiative. It consists in generating a set of land surface indicators derived from the SPOT-VEGETATION observations. The indicators are generated and broadcasted every 10 days. The set of generated data includes small water bodies and vegetation indicators, i.a. NDVI, NDWI, fractional cover, leaf area index, vegetation phenology, etc.
Monitoring the surface water availability
Monitoring the surface water availability means interpreting the temporal sequence of availability of ephemeral and temporary water surfaces detected by the SPOT-VEGETATION system. The long-term integration on the lifetime of the system (from 1999 to 2007) characterizes the type of water bodies, i.e. permanent or seasonal as well as their recurrence and the maximal extent of surface water. The seasonal integration characterizes the annual water availability and the date of availability.
History of records
The integration of the detections on the life span of the observation system allows showing any site available for logging water, making abstraction of the rainfall availability (drought or high-level of rain) to provide a more complete view of sites likely to contain water, whether it is free water or a humid area. This general information can be refined by considering the frequencies as a function of the frequency of their type of class (free water, humid area, mixture of both). Figure 2 shows the number of years when a pixel has been seen at least one time as free water, and also pixels only seen as a humid area in the whole history. As a matter of fact, some pixels are visible only for some years, while some others are more likely to be recurrent every year. Figure 3 illustrates the difference in detection of free water [18] . However, the validation of humid areas requires more investigation than free water [15] , and they are processed separately from free water in the general water availability monitoring activities developed for CILSS countries. Few structures in the Sahel are able to hold water permanently and most of them experience severe drainage or simply dry out at least for some time. However, it is necessary to discriminate the type of the observed water body at least from the point of view of its general availability. An almost permanent water body, like a river or a lake, would not provide the same seasonal information, as would a water body mostly depending on rainfall. By counting the number of years when a pixel is detected as a water body, one can reveal the almost permanent structures on long-term, mostly connected to a drainage network, and pixels for which the detection is extremely rare. The computation of frequencies in Western Africa (in a box from 17.0 N, 11.5 W to 10.5 N, 11.5 E) shows that about 27% of the water bodies were seen in each of the 9 seasons, 16% were seen 2 times in 9 seasons, and 11% were seen 3 times, the other frequencies (1 time and 4 to 8 times) and ranging between 7 and 9%. From a monitoring point of view, this map informs about the background signal of water availability: where is water likely to be available in the forthcoming season in function of what was observed in the past. On the other way round, it shows also water sites that are rarely available. For those places, a longer archive of data could be used to relate those less frequent water bodies to the amount of rainfall in the season and the water availability in the drainage network. To ensure correct assessment of the water bodies' frequencies of availability, a longer time frame of observation is required. In order to derive statistical estimates of the percentage of water bodies filled by the rain in a given season, a reference map of permanent and temporary water bodies was created by analysing the history of detection on an annual basis. The pixels classified as permanent are those detected as free water in more than 11 months in a year or connected to a reference permanent hydrological network. The other cases are classified as temporary water bodies; they correspond to the sites that are used for computing a statistic of replenishment in the season. The map discards pixels that were only seen as a humid area. The next section shows examples of usage. igure 2. Number of years when pixels were seen at detected one time as free water.
Monitoring and assessment of the season
In pink the pixels that were always found to be a humid area. done between the latest observation of the satellite and one year and a quarter ago.
In consequence, at a first level of interpretation, a user willing to report for seasonality at the end of the season simply has to display WBS and WBE. Figure 4 shows the date of replenishment (WBS) of the small water bodies as observed on the first decade of October 2007. The detections were filtered by using the flag values described in sub-section "Information on the dynamics of the water availability" in order to consider only those for which the detection shows at least 2 detections in 3 consecutive decades (flags 1 and 4). A gradient of start from the South to the North can be seen, corresponding to the progression of rainfalls following the movement of the inter-tropical convergence zone. In the region shown on figure 4 , the rainy season corresponds to the period from April to late November. Detections falling out of this period (displayed in pink) correspond to more permanent features or to detections occurring before the start of the rainy season or after the date of synthesis, 1st of October in this case (which can be found from the former year). In the case of a permanent water body, either the signal is uninterrupted in case the start date is seen as the start of the synthesis (one year and a quarter ago) or there are some interruptions due to lower level of water or long lasting cloud screening. For this reason, permanent features are removed with the mask described in the former section. In the Niger River inner delta, most of the water bodies are filled by the river around January. At the date of the synthesis of 1st of October 2007, the date of replenishment is displayed also in pink. In this paper, in order to average the date of replenishment in the region, any date of replenishment found out of the rainy season is discarded. Of course, this choice can be adapted in function of the application. Under some conditions, a water body can be alternatively visible on the products during the same season. This may be due to a real drainage followed by replenishment, by a temporary decrease of the water level making it too small to be detected or screening by VEGETATION that would result in a spectral signature out of the defined threshold of the detection algorithm, or it can be due to a long lasting cloud screening. Cloud screening during the rainy season being quite probable, the detection of season time frame (WBS and WBE products) does not consider a loss of signal of one 10-day period during the season. However, a longer loss of signal (two 10-day periods or more) would result in the detection of an end of season, and a newer start of replenishment would be assessed if any new detection occurs. In the case of two 10-day periods of interruption in the surface water availability, the user has to decide whether it is a real drainage or a loss of signal. To build a synthetic product of first availability in the season, i.e. removing any second replenishment-detection during the season, it is sufficient to map for each pixel the first date of replenishment seen in the season, among a series of WBS products. In consequence dates assessed on this synthetic map (figure 5) are related to the start of the raining season. A gradient from South to North, corresponding to the progression of the rainfall is visible. The duration of the surface water availability is generated by considering only temporary water bodies (as defined in the former section) and computing the difference between products WBE and WBS (the date encoding allows direct subtraction). The season duration is counted in numbers of 10-day periods (3 periods equals 1 month). Figure 6 shows that water bodies in the arc of the Niger delta river (around 15°N) last for around 1 month, water inside the inner delta last for roughly 3 months, and objects in the south last for about 2 months. In the case of an analysis done for an information bulletin, some local analysis of the duration and date of apparition and drainage can be carried out with the generated data set and related to local expert knowledge. Comparing, for a given area, the total number of water bodies sites filled in a season to the total number of sites that were replenished in the overall archive of data gives an idea of the total water storage capacity of the season. As a matter of example, figure 7 shows the percent of sites filled in 2007, in percentage of the total of non-permanent water bodies detected from the archive as defined in the former section. In most sites, a fraction lower than 50% of all possible sites are filled, since a significant amount of them are not systematically replenished every year ( figure 2) . 
Conclusion
The VEGETATION instruments allow the production of a 10-day cloud free global coverage of the Earth at 1 km resolution. In the framework of the FP6 Specific Support Action VGT4Africa, VEGETATION data covering Africa are used to generate a series of products related to the monitoring of vegetation and surface water. The products are broadcasted to the Eumetcast receiving stations installed in Africa, making available fully automatic African land surface monitoring at no charge for the users. The small water bodies product consists in the detection of the surface water, at full satellite resolution (1 km) every 10 days, in three classes: free water, humid area and a mixture of both. The free surface water detection has been successfully validated on western Africa with a commission error lower than 2% for free water detection. Former analysis have shown that the system is able to detect temporary water bodies that are often not reference in other data bases, such as GLWD. In addition to the mapping of water pixels in water, the product has also time components, namely the start of replenishment of the small water bodies in the season and the end of availability of these water bodies and the duration of their detection. The system started the production of data in 1999. It will become a reference database for long-term analysis of the surface water availability. The generated data will be used by the Africa Water resources Information Clearing House (AWICH), a technical instrument for evaluating, monitoring and analysis, to bring into operation the programs of the African Water Vision 2025. The data and broadcasting system allow monitoring the surface water availability at 1 km resolution. The data production since the starting date in 1999 allows deriving the deviation of the water availability between years and hence assesses the annual water availability. The accumulation of an archive of data allows depicting some properties the type of water bodies, on a pixel basis, such as the recurrence of the water bodies every year or the type of water body (either free water or humid areas). The data is made available every 10 days, broadcasted immediately after its production to the receiving stations. Each user has access to an automated monitoring system of surface water, efforts for integrating this information to regular time basis bulletins and end of season synthesis should be minimal.
In this paper, we show the usage of the broadcasted data for monitoring seasonal water availability and assessing their dates of availability in CILSS countries. The generated indicators show the progression of replenishment and the amount of sites replenished in season 2007. The data provision system and formatting allow developing a large range of environment monitoring and assessment applications. ■
